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ABSTRACT - ('le;irccitting is the pi-c1'er.i-eel tinibcr Iiar\~c\t mcthotl in hottomland hitrtlwood i'oi-csts hecati\c 
i t  is most likely to result in r-egeiicrntion of pretc~.reti \pecic\. klowevcr; cle;trctrttir~g genel-ally h;t\ negative 
iiiip~rcts on f'orest hit-ds. lJntch-l-clcntiot-,-tnto hai-ve\titig niay provitle \imilitr silvic~~ltur-;tl herlclit\, hut its eil'ects o n  
birds ;Ire uttknown. We surveyed breeding birds in tirtcut ccintrol, clciircut, aticl patel%-retention treatnrcnt oreas 
(1 1-13 ha) ti)r one season prior to harvest and two season\ postharvc\t i l l  a hotto~iilir~itl liorclwoocl li,rest i t ?  tllc 
I.ower Coastal PIai~i o f  southc~~ster-ri South ('ni-olina. Hircl oh.;ervation\ r'col-dcd along line ti-;insects wcre irna- 
l y ~ c d  using the softwar-e EstimateS to estimate species richne\s and p'ogriiin I)ist;rncc to e\tirnatc cfensitics. We 
Sound greater species richness ant1 hi]-d densities in the patell-rete~~tior~ trcatiilcnt than in tlie clearcut in both 
postharvest seasons. We cletected n o  Sore\t-interior hirtfs in tlic clciir.cut i~ftel- the Ilnrvet, hut by tlie secontl 
posth;trvest season in the p;itch-retention treatincnt, tllc elcnhity 01' for-c\t-i~lterior hir-cls hncl 1-cturncd to upproxi- 
ni:ttcly I~alt' of its prehurvcst level. 'I'llus, based on deilsity 1-cs1,otise. ]>atell-rctet~tio~i l?;rrvcsting ; I~>~c; I I . s  to he 
less detr-irr~ental to l'orcst hit-ds thaii clear-ctitting. tfoweve~; aclditio~~:~l work is ileetled to deterrrriile whether 
I-etai~ied ~ ,a tc l~cs  iiifluence avian survivitl and pnxiuctivity. lic,i.rri~~i,(l .10 A1)ril -7003, tri.i.rlttrrl 30 0c.roho1- 2003. 

Bottomland hardwood fore\t\ rn the \o~itIi- 
ca\tern Unrted State\ \el ve a \  el-rtrcal brcedrng 
habrtat for numerow avran \pecre\, rncludrng 
many con\rdered by Partner\ In Flrght to be 
of hrgh con\ervatron concern (I-iunter ct a1 
1993, Rrch et al. 2004) Hr\torrcal lo\\ arid 
Iragmentation of thew fore\t\ by convcr\rori 
to  agrrculture, development, ancl other actrvr- 
t re \ ,  concur ren t  wrth po \ \ rb le  tunctronnl 
change\ rn the rernarnrng lore\t\, have lrkely 
contrrbuted to the reductron In brrd popula- 
iton\ (Pa\hley and Barrow 1991). A c c o r d ~ n g  
t o  the National Re\ource Inventor y o t  1991 
(Shepard ct a1 1908). the area covered by 
wooded palu\trrnc wetland\ I I ~  the South de-  
clrried by orily ' tbo~~t  1 5'k Irorri 1982 to 1992. 
a marked r-eductrori 111 the rutc of 1 0 4 4  coril- 
pared wrth that 111 precedtng decutle\ I>c\prtc 
thr\ ~tppat-ent \tabrlr/atron ol lore\ted wetland 
ai-ea, o m ~ r c h  hrgher pr-oportrori of woodland 
Neotroprcal inrgrant \pccrc\ wa\  in cleclrric in 
the ea\tern United State\ over the perrod 
1982--199 I than durrng 1966- 1979 (Petcr)nhr~ 
and Sauer 1994) T ~ L I \ ,  \or110 a\r)ect 01 the 
clualrty, not ju\t quantrty, of the exr\trng bot- 
tomland hardwood lore\t [nay be a lactor rn 
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the declrne ot brrcl\ (t'a\hley and Narrow 
1991). Indeed, much of  the extant bottomland 
harclwoocl lore\t  15 riow rn strcam\rde man- 
agernent /one\ and drarnagm (50  111 wrde 
(Krlgo et al 1998). 

0 1  the appr-oxrmately 194 mrllron ha of  for- 
c\ted land rn the Unrtcd State\ durrng 19x9, 
8 5  mrllron ha wcre In the \outher11 U S .  (Wtg- 
Icy and Sweency 1991) The  lorc\t product\ 
rndu\try ( I X 8'5 ) and rndrvidual landowner-\ 
(7 I I % )  cornbrned held trtlc to nearly 90% of 
t h e w  iorc\tcd land\ (Wtgicy and Swccncy 
1993) Owner\hrp 01 bottomland hardwood\ 
w34 r~lqx)t tloned In r o ~ ~ g h l y  the \arne Inannet-, 
.tnd rle'ti ly 20  ~iirllron ha 01 lion-ledel ally 
o w n e d ,  ~ ~ L t l ~ r \ t r r ~ i e - l o ~ e s t e d  wetlarid\ w e r e  
prc\ent In the South (Shepard el al. 1998). The  
~ I I I I ~ L I I - y  u\e 01. the\e land\ 14  for timber pro- 
d ~ ~ c t i o r i  (Wrgley ancl Swecney 1993). If cxi\t- 
rng bottoniland hardwoocl Sore\t\ are to re- 
rnarn a v ~ a b l e  re\ource lor- Neotrop~cnl mrgrn- 
tory brr-d\. ~n,tnageriicnt optron\ th'rt mrnrrnr/c 
negatrve eltect\  o n  hrecdrng brrd\, but are  ac- 
ceptable to the lore\t prod~rct4 1ndu5try and 
prrvnte landownet-\, need to he rdentrficd and 

I.rom a \rlvrcuIt~~rul pel-\pectrve. clear-cut- 
trng I \  thc J~tvored mean\ of hnrve\trng t h e x  
l o r c \ t \  ( ( ' la t terbuck .~ticI M e a d o w \  IC193, 
Meatlow\ ,irrcl Stanttrr 1 1907) Aniong the lea- 
\on\  fi)r appe:tl I \  that rt I \  the methoel that 
he\[ ~ r o ~ i i o t e \  rcgerierutron 01 \bade-rntolerant 



buck and Meadow\ 1993). The abundance o t  
shrub-\uccc\\~on>~l brrcl\. 4everal of wh~ch  are 
of con5ervation concern ( R ~ c h  et al. 2004), a\  
well a\ total b ~ r d  abundance, can be a\  great 
or greater In c l ea lc~~ t s  (HLII-st ;i~rd Bourland 
1996) and other early \~~ccc\sronal habitat\ 
(Buffington et al 1997) a\  In mature bottorn- 
lanci hardwooci lorc\t. However, \pecte\ rrch- 
ne\\ and diver\~ty arc h~ghe\ t  In inati~re bot- 
tomland harciwood\ ( t lurst  and BOLII land 
1996, Bulfington et al. 1997), and the ~rnpacls 
ol clearcutting o n  mo\t specre\ that prefer nna- 
ture tore\t-~ntcr~or condition\ are ncgatlve 
(Hur\t and Bourland 1996, Baker and 1,ackr 
1997). T ~ L I \ ,  we need altcrnat~ve\ to clearcut- 
tlng that rctaln the advantages for forest re- 
generat~on but that alc le\\ darnag~ng to b ~ r d  
specie\ that ~ n h a b ~ t  mature fore\t. 

Several \tudte\ havc been conducted to 
evaluate the ~mpact\  o n  b ~ r d \  of one \uch al- 
t e rna t~ve ,  group- \e lec t~on harvest. In th15 
method, \nrall groups ol' rnature tree\ are 
cleared fionn a \land at regular \pacing ~nter-  
val\ (Meadow\ and Stanturf 1997). Moorman 
and Guynn (2001) concluded that when ade- 
quate nlaturc f o r a t  wa\ left unharve\ted, the 
abundance of mo\t breed~ng fhre\t-rnter~or 
\pecle\ wa\ not r~rrpacted by group-\elect~on 
harvest. Sirn~larly, Moorman et al. (2002) de- 
termined that the product~v~ty of a reprewn- 
tatlve fi,re\t-~ntcr~or \pcc~c\ ,  the 1-loodecl War- 
bler (Wdsorrrcc c.rtrrrzn), wa\ ~n lm~na l ly  atsect- 
ed. K ~ l g o  ct al. (1999) concluded that group- 
select~on harvest gap\ benefited lrrany speclc\ 
of nrlgl-atlng lore\t-~nter~or hr~-d\ hecan\e they 
u\ed the early \ucces\~onal patelre\ du r~ng  
pa\\age. However, when appl~ed In the \ tr~ct-  
e\t 4cnw (gap \l/e n o  greater than 0.5 ha), t h ~ \  
t e c h n ~ q u e  i~\irally favor\ rcgenclatlon of 
\[and\ that are d o m ~ n a t c d  by low-value, 
\bade-tolerant t~-ce\ bccau\e ol I I I I I I ~ ~ I ~ I O ~ \  011 

light a v a ~ l a b l l ~ t y  (Meactow\ and Stanturl 
1997) 

17wo-age i1a1 v a t  prc\crlpt~on\, III whrch a 
prcdcter~nrncd quantlty of basal arca 14  re- 
ta~ncd In ; ~ n  even d ~ \ t ~ - ~ b u t ~ o n  acre\\ the \ ~ t c  
(a ~nodificatron 01 the \hclterwood rncthoci), 
have al\o been cvaltrated (Baker and I,ack~ 
1997, Nor-toil arnd Hannon 1997, D ~ ~ g ~ r a y  ct al 
2001 ). I n  Kentt~cky, \itch pre\cr~ptlon\ drci not 
allcv~atc ncgatlve etfect\ of c le ; r~-c~~t t~ng on the 
.rbundancc of ccr-tan fore\t-rntc~~oi b~rd \ ,  but 
soliic ~ n d ~ c c s  01 b ~ r d  comlnilnlty \tr-uctu~c 

were h~gher  In harvc\tcd area\ (Baker and 
I,ack~ 1997) In Canad~an boreal tormt, \even 
of e ~ g h t  b ~ r d  \pccle\ lo\t t ro~n  clearcuts were 
reta~ncd at low abundance level\ In par-tlal 
C L I ~ \  (NoI-ton and Hannon 1997). In hardwood 
lore\t\ 01 Wc\t V~rgrn~a ,  avlan abunciancc and 
ne\tlng \LICCC\\  were comparable lor mo\t 
b ~ r d  \peclc\ tc\ted among control area\, two- 
age harve\t, and clearcut treatment\ 15 year-\ 
attcl- harve\t ( D ~ ~ g u a y  ct al. 2001 ). Both Nor- 
ton and H;;lnl,on (1997) and Iluguay et a1 
(2001) concluded that the two-age method 
wa\ a v~able  con\ervatlon alternative. How- 
ever, from a t~mber  management pcr\pective, 
\hclterwood nletlnocl\ can be ci~fficult to im- 
plerncnt hccau\e ol the c r ~ t ~ c a i  ~rnpo~tance  of 
choo\~rrg tlre approprrate e\tabl~\hment cutting 
1nten41ty (Meadow\ and Stanturf 1997). 

A th~rd  alternat~ve, represxtlrrg a hybr~cl of 
group \elect~on and clearcuttirrg nrethod\, I \  

patch-retent~on Inarve\t, 111 w h ~ c h  r e \ ~ d u a l  
tree\ and \nag\ are reta~ned In \mall patehe\ 
that mimic or act~rally repre5ent renrnant4 of 
the o r ~ g ~ n a l  fore\t. Patch-retention harve\ting 
I \  appealing to tore\t manager\, bccawe Icav- 
Ing pateha  of uncut fore\t I \  operat~onally 
eastcr (for eyu~p~nen t  such a\ feller-bunches\) 
than attempting to reta~n a h ~ g h  b a d  arca 01' 
more evenly d~\tributcd tree\ (Tittler et al. 
2001, J .  I? Mart~in, Mc:~dWc\tvaco Corpora- 
tlon, per\. comm.). Add~t~onally,  the ~ n c ~ d e n c e  
of w~ndtlnrow [nay be lower for tree\ In patch- 
es co~npared w ~ t h  ~\olated re\~dual tree\. Re- 
ported ~rlipact\ to lore\t brrd communltle\ 
havc bee11 le\\ \evere 111 patch-retention har- 
vc\ts tlra~r In clearcut\ w ~ t h ~ n  boreal fore\t\ 01 
Canada (Sch~eck ct al 2000, 'Tittlcr et al. 
2001) and a\pcn forc\t\ In M~nnc\ota (Mcrr~ll 
et al. 1998) Howevc~, t h ~ \  method ha\ not 
been widely tc\tcd 

Onr objcctrvc was to colnparc the cflect\ 
o n  b~rtf \pccle\ colnpo\rtlon of r c t a ~ n l n g  
patchc\ of bottomla~~cl hardwood l'orc\t w~thin  
a c l ea rc~~ t  w ~ t h  perlorrn~ng a tradrtional clear- 
cut o r  Icav~ng the tole\t Intact (~~~rharvc\tecl  
contl-01) 111 part~culw, we addr-e\\cd whcthcr 
the rc\pon\es of tnd~v~dual  \peclc\ a~rcilor avl- 
an hab~tat-u\c groi~r)\ d ~ f l c ~ e d  betweern a 
patch-retcnt~on cut :uici a clearcut area, and 
wlrether b~rcl \pccle\ cornrpo\~t~on changccl In 
these area\ Iroin~ pl-charve\t to 2 year\ po\t- 
hi11 ve\t 1 1 1  cllect, we so~ight to d~'1c11111rre 
whethe1 h11c1 \pcc~cs  coml,o\rtlon ol the 
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patch-retention area li-rorc closely I-esembled 
that of the unharve\ted control, part~culal-ly 
with re\pect to birth that depend on  mature 
li)rest-~ntcl-ior habitat. 

The \tucly wa\ conducted o n  a 350-ha alea 
located In the Lowel- Coa\tal Plain ol 50~1th- 
ca\tcrn South Gal-olina on the floodplain of the 
four-th-order, blackwater Coo\:~wliatclire r i tve~ 
(Burke ct al 2003), a relat~vcly \mall, a m \ -  
torno\lng w e a m  that dram\ an area of ap- 
~ x o x ~ ~ n a t e l y  1,000 k~n'. Topography 111 tlie 
low-rel~ef ( 5 2  m )  Iloodpla~n 14 characteri/ed 
by a networ-h oi \lightly elevated liumr-riock\ 
a ~ i d  \tour channels (Burke ct al. 2003). Water 
tupelo (NVOLI uqiufi(~(i). \wamp tupelo (N. 
\\'IIYII~(~LI var. hiflorcr), sweetgum (Lrquld~r~i~ 
/7~ir \IVI.LI( iflua), bald cypress (7irwoclrur?1 </I\-  
fr(.lu~tii), laurel oak (QUPIY C I S  Il~urifoliu), itlid 
red rnaple (Acer ru/?r-u117) dominate the plarit 
commuriitie\ of tlie floodpla~n (Burke et al. 
2000). Where pre\ent, the undcr\tory ( ~ n  un- 
disturbed forest) con\i\t\ of w~dely  scattered 
patche\ of Vuc~c.rrziuri~ \pp., S~II~CII /?~irzor-, and 
A ruridirlcrt-ia ~iguntr t r ;  very little uncler- 01- 

midstory \tructul-e exi\t\. 
Thrcc l I - to 13-ha treatment area\ wcre e\-  

tabli\hed In the fitll of 1999: an LI I ICU~ control, 
a patch-retention area, and a clearcut. Tht\ 
\we range approxin-ratcd an operational hal-- 
v a t .  'The tlir-ce treatment area\ were an-angect 
lineal-ly, parallel to the directio~i of water How. 
They were approximate1 y equ~di\tnnt (300- 
400 rn) frorn the inain body of the Coo\a- 
whatchic River and were \~rnilar w ~ t h  rc\pect 
to so~ l s ,  hydrology, and PI-eharve\t plant c o n -  
munitic\ (Burke ct al. 2000, Er\cnbies anti 
Hughes 2000, MLII-I-ay ct ill. 2000). A 100-in 
Sol-ated buff'c~- separated the patch-retention 
fro~ii the clearcut area, w ~ t h  a \ornewhat nar- 
rower and more ~rregulni- hul'lcr between tlic 
uncut coritrol and patch-retention area\. 111 the 
p i - I - e t e t i i  treatment, three "patcIie\" of 
two \ v e \  (two 0.20 ha and one 0.0 l ha) were 
left uncut, one each in an area reprcsentatlve 
of a convex, concave, or flat landto~m. Thu\, 
1 01 ha of torc\t wa\ retained wrtli~n the 13 I -  
lia pa tch - re t c~ to i  11-eat~iient area U\rng the 
average bawl area tor the \ t ~ ~ d y  51te (46 m'/ 
ha, F3~lr-k~ et a1. 2003). the re\rdual bawl area 
of the patch-I-etention tl-catment wa\ 3.6 m'/ 
ha. 

We \~irvcyed bl-ced~ng bird\ along lrne tran- 
wet\ ( B ~ b b y  et al. 2000) lor 1 ycar prcharve4t 
( 1999) and 2 year\ po\tharvc\t (2000 -200 1 ). 
We arranged tran\ect\ \uch that cach treat- 
ment area wa\ completely covered w~thout 
cluplicat~on of coverage, a\\umlng a 50-m de- 
tectlon /one on cach \idc of tlic line. We con- 
ducted three to f o u ~  count\ each year between 
15 May allti I I June S~ngle-ob\crver \urvey\ 
began around 06:OO EST and cont~nued ~ l n t ~ l  
all trcntrnent\ had been \ ~ ~ ~ - v c y e d ,  u\unlly 
around 1 1 :00. I>ur~ng eacli \LII-vey, the oh- 
wrvcr pl-oceeclcd along the tranwct, \topplng 
only to record de tcc t~on \ .  The ob\crvcr  
tuapped location\ of all b ~ r d \  encountered by 
\ ~ g h t  and/or \ound and e\t~matecl the perpen- 
circular ci15tance (0-50 rn, to the neare\t 10 111) 
from the tl-an\cct line to detected ~ndrv~dual\ .  
To account Ihr the potent~ally confoundrng ef- 
fect of tlmc of clay, we vaned the order rn 
which the treatments wcre wrveyed. 

We e\timated \peck\  richne\\ wing the 
\oftware E \ t ~ m a t e S ,  ver. 6.0bl (Colwell 
1997). Ba\ecl on detection data, th14 program 
provrde\ value\ for \everal \peere\-I-ichness 
c\timator\. We pr-ewnt the fir\{-order jack- 
knrfe c\tlmate\ becau\e they are robu\t and 
have perfhrrncd well In other \tudre\ (as c ~ t e d  
In Nichol\ ct al 1998, Hellmaiirt and Fowler 
1999). We obtn~iied den\~ty  cstrmate\ Li\lng 
prograrn D~\tancc,  vcn 3.5 (Thornas ct al. 
1998). We u\ed grouped data ( I 0-rn ~ntcrval\)  
5tratilied by treatment and year. Although they 
were not rndcpendent, we treated each vrs~t to 
a grvcn treat~nent w ~ t h ~ r l  a \ea\on a\ 2% "rep- 
Ircate." Upo~l cicterm~nat~on of the mo\t ap- 
propnate ~nodcl for the detection funct~on 
( ~ ~ n ~ f i ) r l n ,  hall-normal, or ha/arcl I-ate) u\111g 
I~kelihood ratro te\ts, lIi\tancc prov~de\ an e\- 
tllnatc of denuty and error (Bucklanci et al. 
1993). Bccau\e Ih\tance ha\e\ each den\~ty  
e \ t~matc  o n  a ulityue detcct~on Sunct~on, the 
c\ t~matc\  call be co~npal-ed among \ ~ t e \  with 
ci~ff'crcnce\ In dctectab~l~ty. We te\ted tor an- 
nual diffcrer-rcc\ 111 e \ t~mated dens~ty w~thrn 
eacli treatment area by dc te rm~n~ng  whether 
[tic 95% conlidcncc ~ntcrval\ overlapped; we 
accepted a\ d~ilcl-cnt thaw confidence Inter- 
vals that d ~ d  not overlap (Hotigc\ and Kre- 
merit/ 1996) We C O I ~ ~ ~ I - C ~  cIe11\1ty e \ t ~ ~ n a t e \  
to1 all b~r-d\ comb~nccl, tor ~ndivrdual \pecre\ 
w ~ t h  at lea\[ 25 ob\ervatrorl\, and for S O L I ~  avl- 
an Iiab~tat-~i\c group\. forc\t Interlor ( I ) ,  In- 



tc~ior-edge (1-E), field-edge (F-E), and edgc- 
\hrub (E-S) (Wh~tcornb ct al. 1981). 

I.ogi\tlcal con\traint\ pl-cve~ited LI\  li-o111 
repilcatlng oul- treatment Linlt\ In an experl- 
mental rnanner; harve\tlng mult~ple L I I I I ~ ~  on 
the study area wa\ not feauble or cie\irable 
for the landowner. We u\ed a before-af'ter, 
coiitrol Impact (BAC1) deugn (Johmon 2002), 
~n which we \ampled both before anct after the 
harve\t treatment\ on  both control and tl-cat- 
ment area\. Thi\ de\ign was u\ed In an at- 
tempt to ln~rnrnile the effect of varrable\ Lln- 
rclatcd to the tl-eatment5. Neverthele\\, our I-e- 
wit\ I I IL I \~  be v~ewed wittt cautlon, \lnce- 
lacking repl~cation-we do not know whether 
they would be applrcable o n  o the~  site\ 

Species richness 

Uncut control Clearcut Patch retention 

Treatment 

Density 

60 r 

Prlor to the harve\t ( 1999), the e\trmatcd 
\pecie\ ~-ichnc\\ of brcedil~g brr& wa\ lower 
In the control area than In the patch-I-ctention 
area (Fig. 1). I-lowevel-, we could not make 
stat~stical comparl\on\ between the est~lnate 
from the clearcut area iii I990 wrth the other\, 
bccau\e i t  had a variance of 0 (the fir\{-orcier 
lackknlfe c\tilnator u\e\ the number of Llnlcluc 
\pccie\ recordect on ntultiplc V I \ I ~ \ ;  \1nce we 
detected two ~lnique \pecle\ on  each v ~ s ~ t ,  the 
varlance of thew ~dentlcal value\ wa\ 0) E\- 
t~matecl total dcn\rty did not cirll'er alnorlg the 
three treatment area\ prior to harve\t (Fig. 1). 

Following harve\t, total de11\1ty wa\ \ ~ m ~ l a r  
and \pccles richne\\ actually ~ncrea\cd In the 
uncut co11tro1 area. However, both mea\urc\ 
declined im~~iedrately after ha-ve\t (2000) III 

both the c l ea rc~~ t  and patch-rctent~on area\ 
(Fig. 1 ) .  The decl-ea\e wa\ c\pccrally lar-gc III 

the clearcut, where e\tlmated \peclc\ ricIines\ 
dccllned from 25.0 to 9.3, and e\timated den- 
41ty fell fro111 33.0 to 2.8 palr\/lO ha In tlie 
\ccond po\tharvc\t year (2001), denvty In- 
crca\ed In both the c l ea rc~~ t  (Fig. I ) and patch- 
retelltlon (11on\ignilrca1tt1y) ar-ca\. S p c c ~ e \  
r ~ c h n e \ \  ~-cbounclcd In the patch-rctent~on 
area, rlvng from 15.3 to 25.0. b ~ ~ t  not 111 the 
clearcut Fro111 preharvc\t to 2 year\ po\thar- 
v a t  In the clearcut, 15 \pcclc\ of the forc\t- 
Ilitertor or rnterror-edge gl-oup\ dr\appenrcd, 
wherea\ 5 \pccle\ of thew group\ di\appcared 
In the patch-I-etentron arca (Table\ 1 and 2) 
Dur~ng the po\tharve\t pcr~od, \pecie\ com- 
p o \ ~ t ~ o n  ;il\o changed In both 11-eat~ticnt\ In 
the clear-cut, only 2 ot 1 1 ( 18%) speae' tle- 

Uncut control Clearcut Patch retention 

Treatment 

FIG. I. Species richness and density (mean i 95%) 
conlicie~icc intervals) for breeding birds in three h;ir- 
vest tre;itmcnt areas in a bottomland hardwood Sorest 
in South ('arolina, 1999-3001. No confitience interval 
is given for species richness in the clcarcut area in 
1900 hcc;iuse the V;II-izince was 0 (see text for expla- 
~iation). 

tcctcd po\tharve\t were recorded In both po\t- 
h:irve\t \ea\on\ (Table5 1 and 2), whereas In 
the patch-retcnt~on arca. 1 1  of the 21 (52%) 
\PCCIC\ ~Ietected po\tharve\t were recorded In 
both \ea\on\ 

In the patch-~cteilt~on arca, 35 of 43 (81%) 
b ~ r d \  ~ b \ c r v e d  In 2000 were recorded w~thln  
retained forc\t patche\, but In 2001, only 37 
of 89 (42%) ob\ervatron\ occurred 111 retamed 
Ihrc\t patclics. Alt l io~~gh the total number of 
bird\ observed in the patch-I-etentton area e\- 
\entlally cioubled, the ntlmher of bird\ ob- 
\ervcd w~thilt the letailled patche\ I-erna~ned 
'tbout tlie \ame 

We c \ t ~ ~ n a t e d  dcn\~tle\  for I I \peclcs (Ta- 
ble 1 ) Ind~vldual \pccie\ appeared to re\pond 
to the cleal-cut trcatlitcnl in different way\ 
T111-ee of the I I \pecle\ had d~sappeared aficr 



TABLE I .  Densities [pairs110 ha (95% confidence interval)] of selected bird species in uncut control, clearcut, and patch-retention treatment areas in a bottomland 
hardwood forest in South Carolina. 1999-2001. Bold-faced entries (within treatment areas) are significantly different from the 1999 value. 

Specie\ (no. of oh\er\atlon\) 

L'ncut control C learcut Patch retention 

1999 2000 200 1 1999 2000 100 1 1999 ?OOO 200 1 

Forest-interior species 

Acadian Flycatcher (93) 

Interior-edge species 

Red-bellied Woodpecker (35) 
(Meitrrzer-[~es ccrr-o/irl~~.s) 

Great Crested Flycatcher (37) 
(M.~CII-(./~LI.Y ci-iriitu.~) 

Red-eyed Vireo ( 127) 
(Vireo 01i1~acru.s) 

Carolina Chickadee (43) 
(Poc,c,ilr c~crro1it1rr1si.s) 

Tufted Titmouse (50) 
(Btieo1o~~hrt.s hicolor) 

Carolina WI-en (47) 
(7%rs.orhoril.s luclo~~icicirzus) 

Blue-gray Gnatcatcher (1 3 1 ) 
(Polioptiici cc~rrillrn) 

Northern Parula (72) 
( P u ~ u ~ I  c2llleri(~~i?cl) 

Corurnon Yellowthroat (42) 
(Grothlyl>i.s trichns) 

Edge-shrub species 

Indigo Hunting (27) 
(Po.s.seririn C ~ N I I ~ ( I )  



1A11.1 2 Nurr~hcr o f  bird ohscrvntior>s in trncllt conl~x)l, clertrcut, twd patch-retention treatment :trc;ts i t 1  a 
hottontlnnd h;trdwoocf l'orest in South C':troli~la, 199') 2001. Irtcl~rtlc(l al-c all specie\ not ;tn;rly/ecI ir\il>p propr.;1111 
I)istartce (I'homas et ;ti. I O O X ) .  

13arreO Owl ( 5 1 r r t  t t r r r t r )  
I'~le,ttcd Wootfpecher ( I ) ,  ~ o c  o l ~ o \  p r l l ~ t r / r c c )  
White-hrc,tstcd Nuth,ttclt ( 5 r l t t r  t c r r o l r r ~ r r r t r ~ )  
P ~ n e  W'ir blcr ( I ) ~ ~ / i c l r o r c  t r  ~ ) r r r r r c )  
A r n c r r ~ , ~ ~ ~  licd\t<~r t ( 5 c ~ t t 1 l 1 l r t r y c r  1 r r / / <  r l l t r )  
Over~h~itf ( J c ~ r r r r r r \  i r r r r o c  t r l ~ r l l c r )  
Kentlrchy W,tr hler ( O [ ~ o r o r r r r t  / o r r r r o \ r r \ )  
llooclecl W'II hlcr ( W r l ~ o r i r c r  1 I / /  1 1 7 t r )  

111terroi edge \peLrcs 

Yellow-hilleci C'uchoo ( C  o c  i \.-rr\ <ir?rc>r re r r r ~ l r \  
1)owrty Woodpec her ( I ' r t  o r t l ~ ~ r  ~ t r r l > c ' \ c  o r \ )  
l-,l\ter n Woocl-Pewee ( C ' o r i f o ~ ) r r \  r rr e r 7 s )  
Whrte-eyeti V t ~ c o  ( \ / r r c J o  y r r \ c , r r \ )  
Yellow-tltroated VII eo ( V r r r o  f / c n ~ r f r o r r  5 )  

I3l1re l'ly ( C \ i l 1 7 0 <  l / l f l  t 1 l \ / f 1 / t l )  
t'rothonotdr y W'trbler ( I ' r o t t ~ r r o r c r r  l e i  c  r t r  err) 

Summer r '~n,~gcr ( I ' r r c ~ r 7 y c r  r r r h r 1 1 )  
Northern C,irclln,tl (( b r  t l r r 7 c 1 l r c  < c r r t l r n r r l r \ )  

ldge-\hruh \pccie\ 

liccl-he'ttled Wootlpeclter ( M r l c r r r c ~ r l ~ c ~ \  1.1 \ t r h r o c  c p h c r l u \ )  0 2 0 0 0 0 I 0 0 

t<reltf-edge \pecre\ 

Krlldeer ( C ' h c i r t r c l r  r r r ,  t'oc r / o  [ I \ )  0 0 0 0 0 0 0 2 0 
A I I > ~ ~ I L ' I I I  Crow ( (  o r  I W S  I?rc lc  l r ) r l 7 > r 1 c  I r o \ )  3 2 2 2 0 0 3 0 I 
Yellow hrea\tetJ Ch'it ( I c  r e r  r ~ i  t ~ r r < ~ r \ )  0 0 I 0 0 0 0 0 0 
k't\ter n Iowhee ( l ' ~ ~ 1 ~ 1 0  ~ t l ~ r o ~ ~ l r ~ l r ~ ~ l ~ ~ ~ ~ ~ ~ )  0 0 I 0 0 0 0 0 0 
I*~elil Spar row ( 5 p r : c ~ l l c r  / , l r \ r l l n )  0 0 0 0 0 0 0 0 I 
t31tre ( ;~o \he ,~k  ( I ' r r ~ c c ~ r r r r t r  c  t i o r r t l ~ a )  0 0 0 0 0 2 0 0 0 

Wctlantl \peere\ 

Wood 1)uch ( A r i  \ l ) o r r \ a )  

the 111.41 j~)\t1~;11 ve\t year, and \even (c.g , Aca- 
dran I:Iycntchet, 1:17ll~r(lor1tr\ t v t r r c c ~ r ~ , ;  lied- 
eyed VIICO, V/r-c,o o lr~~trc  c 2 1 4 c ,  .tnd Northern Pa- 
I ula. I'trrrrlrr rtrtlct /( tr17rr; ,ill Neotrop~cnl nil- 
grant\) had di\;tppea~ccl by the \econcf po\t- 
ha1 vc\t year Orily two \ ~ C C I C \  detecteel more 
than once helore the harvc\t, Ca~oliria Wren 
(TI / / - \  o t l ~ o r  11 c I~rtlot~rc~rc/rirr c )  'tnd Blue-gray 
G n ~ ~ t c a t c h c ~  ( I ' o l rop t~ l t~  c trc,rrrlct/), u\cd the 
clc'lrcut In the \econcf po\lliarvc\t ycar. I;~nal- 
ly, Coriimon Yellowth~oat ((;cotlll\prc it-/( htrc) 
and I n d ~ g o  B u n t ~ n g  (I'tr \or l r l t r  c vtrrlctr), 
w h ~ c l ~  were c \ \ cn t~a l ly  abicnt 171-charvc\t 
(only one ob\crvarrori ol Inellgo Bilnt~iig In 
1999) 111 the 111-\t po\tli:ti ve\t \c:t\on. col- 
onr/ed tlic clc,t~cut 111 tlic \ccond po\thar ve\t 

ycar and accountecl Sol- 70'5) 01 the total oh- 
\el-vallon\ 

In the patel?-rctcnt~on treatment, ~ t s  III t h c  
clearcut, the abundance ol mo\i  \pcc~cs  we 
.uialy/eci appeared to decline In the I r r \ t  po\t- 
harvc\t year, bc~t only Acad~:tn Flycatclic~ wa\ 
not ob\crveci at all. Uur~ng the \cconcl po\t- 
ha1 vc\t \ca\on, howcver, abundance 01 mo4t 
\ pce~e \  \t;ib~l~/ccl or rebounded \I~ghtly: lo1 9 
o i  I 1 \ I>ccI~ \ ,  d c n \ ~ t ~ c \  In 2001 were not \rg- 
111f1canrly 1es\ than tho\e In 1999 Common 
Ycllowth~oat and Ind~go Ri1t1111ig. :tb\ent dui- 
Ing the p~eharvc\t and the l i~ \ t  po\tliarvc\t 
\ca\on\, acco~tntcct for 40% of the total oh-  
\crvat~on\ In t h ~ \  t~catiiient ciur~ng the \ccond 
po\thar v a t  ycdr 
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1:IC;. 2. I>ctrsitics o f  irvi;~ii habit;lt-use groups 
(mcall ! 95% co~llicietice intervals) i l l  three harvest 
trentmcnt al-cas i l l  a hotto~rrlanci harclwooci forest in 
South Carolina, 1000 -2001. 1 120rcst Interiol; I-E = 

Inrcriot.l<clgc. I..-I! - I;icl(l-l<cfgc.. nnci I<-S - Edge- 
Sl11-ub. 

Den\~ty  c \ t ~ ~ n a t c \  w1t111n each of the lo~ i r  
hab~tat-u\c g r o ~ ~ p s  d ~ d  not d~ffcl- o v c ~  the 3 
year\ In the LI I ICLI~  control ;i~-ea ( F I ~ .  2). HOW- 
ever, rn both the clcarcc~t and patch-retentlo11 
urea\. the dcn\~ty  of the fi)re\t-~ntcr~or g l - 0 ~ 1 ~  
dccl~ned 111 the first po\tharve\t ycar. In the 
second posthar ve\t year, clen\ity 01 forc\t-~n- 
tenor b ~ r d \  rehounded 111 tile patch-rctcnt~on 
area, but not 111 the c l c ; ~ ~ c ~ ~ t  Dcns~ty 01 the 
forc\t-tntc~-ioi gl-oup wa\ al\o gl-cater tn the 
patch-~cteritton arc:+ thail 111 the clearcut 111 the 

second po\tliarvc\t \eason. 'rhe denuty of the 
edge-\hrub groLip ~nc~-ea\ed  tn both of the\e 
treatment area\ In the \econd po\tha~-vc\t year; 
due p r ~ m a r ~ l y  to the abundance of Indrgo Run- 
tlng\ (Table 1 )  

DISCUSSION 

Retention 01 patehe\ of forest w~thrn an 0th- 
erwl\c clearcut area appear\ to enhance po\t- 
harve\t fi)rest b ~ r d  diver\~ty compared to that 
III clearcut\ w~thout \uch patches (Mcrnll et  
al. 1998, SchiccL ct a1 2000). We ob\ervect 
greater \pec~e\  r~cline\\ and overall b ~ r d  den- 
\ ~ t ~ c \  In the patch-retcnt~on t~-eatrnent area 
than In the clear-cut 111 both 2000 and 2001 . A 
111gl1 percentage ol thc total b~rtl  detectio~i\ in 
the patch-1-cte11tlon area wcre recorded ~ n s ~ d e  
r-eta~ned patches. By the \econd po\tharve\t 
year, the estimated clen\~ty ol the forc\t-~nte- 
rior group In the patch-retent~on area had re- 
covered to approx~~natcly half that in the iln- 
cut control, wherea\ rn the cleal-cut, no ~ n d i -  
v~duals of t h ~ \  group were detected. The\c - A 

hnding\ corroborate the rewlts of \tudie\ 
from other region\. For example, 111 a\pen for- 
e\t\ of northern Minne\ota, Merrill et al. 
( 1998) Sound hrgh b ~ r d  d ~ v c r \ ~ t y  In 0.54-ha 
patche\ w ~ t l i ~ n  c l ca rc~~ t \  that aveniged 14.6 ha. 
S~~ni lar ly ,  the o v c ~  whclm~ng malor~ty of b ~ r d \  
detected In OLII po\tharvc\t patch-rctent~o~l 
area (cxclud~ng Common Yellowt111-oat and 
111d1go Runt~ng) occurred rn \~de the patehe\. 
Merr~ll ct al. (1998) noted that b ~ r d \  Ll\ing re- 
tallled patehe\ cl~d not nece\sar~ly ne\t there 
b ~ ~ t  L I W ~  them lor h r a g ~ n g .  slnglng, or other 
a c t ~ v ~ t ~ c \ .  In boreal lorest 01 Albc~ta,  Canada, 
avlan c o r n n ~ ~ l n ~ t y  compo\~tlon In harve\tcd 
vte\  wa\ mo\t s ~ m ~ l a r  to that ol ~inharvested, 
old growth s ~ t c \  when rcta~ned tree\ and \nag\ 
~nc l~ ided  large trees and were clumped togctll- 
el- (Schlcck et 31. 2000). S~lch c1~111ip\ may 
have rc\cn~blcd the o r ~ g ~ n u l  fore\t by prcserv- 
Ing 4orne 01 114 ~ ~ ~ L I C ~ L I I - e  and m~crocl~mate \  
(Sch~cck et al. 2000). 

The harvc\tcd pol-tlon\ 01 both the clearcut 
and patch-I-ctcnt~on areas had been colon~/ed 
by cal-ly \ ~ ~ c c e \ \ ~ o n a l  \pcc~e\  (e.g., Comnion 
Yellowth~oat, Ind~go Bunting) by the \ccond 
po\th:irvc\t yea1 The11 appearance rn the \ec- 
ond yea1 after ha1 ve\t was not ~mcxpectcd, a\  
at least one growlng \ca\on 1s ~equircd lor e\- 
tabl~\hnlciit 01 early \ ~ ~ c c c \ \ ~ o n a l  gra\\c\ and 
forb\ Moorman ancl Guynn (2001) al\o re- 



ported these spcc~cs  111 small group-selection mrned, and thrs ]\sue should be the locus 01' 
cut\ 111 bottoiiiland har-dwoods during the sec- future research 
ond postilarvest year. M~gratory songbird\ 
]nay dtscovcr potential f ~ ~ t u r e  br-cedrng hab~tat  
durrng the season-erid~ng dr\persal phase and 
return there the follow~ng year (RI-ewer and 
Hal-r~son 1975, Mor-ton 1992) 

We suggest that patch-I-etent~on t~mber  har- 
vest may be more de\irable than clearcuttlng 
when landowners are ~ntcrested In ~ncuntalnlng 
songbir-d hab~tat, and that 11s rmpacts on brrd 
popnlatrons warrant lurtlicr invest~gatron.  
Patch-retention harvesting of'i'c~-s \ome of' t l ~ c  
srlvrcultural advantages of clearcutting, but 
nialntarns elements ot the preharvc\t stand 
that arc apparently attract I vc to sorigbrrds. Our 
firidrngs rndicate that, to sollie degree, the re- 
srdual patches of tor-est continue to be ~ ~ \ e d  by 
forest brrds, wll~le the wrr-ounclrng clearcut 
portion pr-ov~des surtable llab~tat fhr edge- 
shrub and other early s~~cce\siorial specles 

That the dcnsitie5 of many birds did not drf- 
fer in the patch-retention area before and after 
harvest does not neces\ar~ly ~ndrcate that the 
hab~tat qualrty was s~niilar (Van Home 1983). 
Srte fidcllty among individual buds may ex- 
p l a~n  some use of tllc patches after harve\t 
(though not the ~ncrca\ed use III  the second 
postharvest year), even 11 the qualrty of the 
patches was poor. Whether retamed li)rc\t 
patches have ncgat~ve r~iipacts on avian pop- 
illation dynam~cs  15 unclear, as our study did 
not addr-ess thrs cluestlon. F~eld-forest edges 
may be ecological traps tor b~rcls by concen- 
tratrng ncstrng actrvrty b ~ ~ t  a[\() attractrng nest 
predators (Gates and Gyscl 1978). S~r-nrlar-ly, 
the patches rnay prov~de perches for Brown- 
headed Cowb~rds  (Molotllnr\ trtrr), f ac~ l~ ta t -  
rng paras~tr \n~ 01' nearby nests. Thus our re- 

-L ~trea ra- tention patches, wrtli tlie~r hrgh cd;:, 
tios, could poss~bly have turict~oned as pop- 
~~ la t lon  s ~ n k \ .  Iiowevcl, studies In whrch the 
effect 01' var~able tree retentron (two-age type 
hnrve\ts) on nestlng silccess has been cxam- 
rricd have generally found little or  n o  evrdencc 
for \ L I C I ~  i~ ~ I ~ e ~ ~ o ~ i ~ e r i o r i  (T~tt lcr  and Hannon 
2000, Duguay ct al. 2001, Stuart-Srnrth and 
Haye4 2003). and cowb~r-d p a r a s ~ t ~ s ~ i i  I-atcs In 
soutl~eastern lorests are low ( K ~ l g o  and Moor-- 
man 2003). Nevcrtliele\\, avlan ploduct~v~ty 
In rcsrdilal torest patches 4~1cli '1s those 111 o i ~ r  
patch-rctcnt~on treatment has yet to be deter- 
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